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論 文 内 容 要.1旨
Protozoaarecloselyassociatedwiththesoil
ecosystem.Flagellates,amoebaean alciliatesare
themostwidespreadforms.Anincreasein
P・・tQz・and・n・i.・yass・と・・t・.d・ith・dec耳n・gf. .
bacterialpopulationsargueforprotozoaasthe
mainconsumersofbacteria.Amajorproblemis
toexplainhowabacterialspeciescanmaintain
itselfdespitethepresenceofnumerous
predators.Soilisaverycomplexsystem,
consistingofanetworkofporeswithawide
sizerange.Becausesoilmicroorganismsvaryin
size,thehabitablespace(relatedtoporesize
andwaterdistribution)foreachtrophiclevel
mayalsovaryandinfluencetheirfeeding
patterns.Whenalargepredatorsuchasprotozoa
ornematodesfeedonprey,soilporesmayoffer
refugeforsmallerforms(prey),thusdeterring
predation.Onlyfewstudieshavebeenreported
abouttheeffectsofporespaceonprotozoan
predation.
Thepresentinvestigationwasthusdesignedto
assess,first,thedistributionofvarious
protozoainsoilaggregates;second,the
significanceoftheporespaceandwatercontent
onthepredationofbacterialcellsbyprotozoa
insoilaggregatesand,third,thefoodweb
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involvingbacteria,protozoaandnematodeson
thestageofsoilaggregates.
ChapterI
Thed'strbulll呈i鎚幽 孕n
Inthisexperimenttherelativefrequencyof
findingthedifferentprotozoangroupsinsoil
aggregateswasestimated.
・一1・.工互旦.旦・・皇£・i・n皇 至 且工匹 鯉 皇hヱ .・与至 卑 亘
田ethod.
Thequalitativeoccurrenceofprotozoaineach
soilaggregatewasstudiedbyamodificationof
themethoddescribedbySingh(1.946).Air-dried
soilaggregatesbetweenland2mmindiameter
wereintroduced,individually,intoglassrings
(2.5・ ・ ユ1.ldi・m・ter)P1。.と ・d.i・.1%.・gar
(r・マP
.・甲r・r・d.・i・hN・c・(・ ・与%))・ 年・・idi・hes・
Eac戸 「'ngc叫a'nrdath'r駆 ユ㌍ 鎚 ユ'旦
pne旱monlae・1脚 .02cellsusrenr'onwh'c与se「ved
asbacterialfoodfortheprotozoa.Theseplates
wereincubatedat27ｰCinawetchamber,
examinedperiodicallyatx60 .underbrightfield
'1'・m'ワ ・ヒ'6・ …d
.・11?・gρ 耳・r・ ・.rec・r・ 千▽rda・
proGozoansrecorded. _133一
1-2。.士hedetect三 二…onofJ～ 士otoz6と1≧ヱthe血
methodatdifferentincubationtimes
Theoccurrenceofprotozoaineachaggregate
wase文aminedbytheringmet二hod .describedabo.ve.
Accordingtotheconventionalprocedure
・bservati・ns曾erβmadと.・ft・r12d・y・.i.・c・b・ti・ ・;
ciliatesandflagellateswerefoundinsome
aggregates,.butnoamoebaewere .observed
(Experiment1,Table1).
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aObservatt
onswereDerformedasfollows:after12dayslncubation
(Experiment1),after1,S,7,and12days(Experiment2)and,after
丑:;ム。握 旦。2翻 言。皇n巳,18d器。(聚P呈纏 毛や31},^、慧c号§dh,d霊.t'.n..`..言
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percent・g・v・1.・….
Thisresultwasratherunexpected;soilamoebae
areusuallyreportedtobeamajorcomponentof
theprotozoanfaunainsoil.Sincethemethodis
basedontherecognitionofgrowingprotozoa
(activeforms),itwassupposedthatamoebae,
afterhavingex-encysted,mightencystedagain
duringthe.incubationtimeandcysticformswere
tosmalltoberecognized.Shorttimeinterval
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observationswereperformed,todetectthis
organismbeforeencystment(Experiment2).After
ldayactiveamoebaewerefoundin179(317)
glassrings(Fig.1.).
Thereafter,thenumberofamoebae-positive
ringsdeqreaseowingヒoencystm♀ntandnoactive
formswereobservedbythe12thday. .ltwas
・・b・idered・h… 叩 ・b・ ・r・..ency・・・ ….was.i・duce"
byadeclineof七kepreydensit二yb.e=Low..a
'/criticalvalue1ｰ
.Thereappearanceofactive
amoebaeafteranadditionofprey .cellsatthe
ヒhdaysupPorted仁.his .a.$sumpt二ion 。12
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Sinceamoebaecanmultiplywithinfewhours,
theconversionofactiveformsintocystsmight
occurredmoreorlessinanearlierperiodof
incubation.Therefore,shortertimeinterval
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observationswere
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made(Fig.2,Experiment3).
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Fig.Z.Changesinthenumberofamoebae-positiveringsasa
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thebeginningoftheexperimentandat78hrofincubation.
Amoebaeex-encystedbeforereachingamaximumat
24hrassupposed.Fig.3illustratesthe
cumulativenumberofamoebae-positiveringsat
shortertimeintervals(Experiment3),andthe
theoreticalcurveoftheFORmodel
(Hattori,1985).Themodelfittedwelltoeach
setofdata.Itwasthenconcludedthat,inthe
enumerationofamoebae(ciliatesandflagellates
aswell),thecumulativenumberofpositive
ringswouldprovideabettermeasurethanthe
numberofamoebae-positiveringsobservedat
eachtime.
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surroundingacLiveamoebae.Theansweristhat
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(Table2).
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1-4.Thedistribut二i、on.o.fエL二 ≦≧」L⊆L坐a皿 ≦≧旦 且soil
aggregates
Thefrequencyofobservationsofdifferent
protozoataxainsoilaggregateswassubjected
totestwhetherthedistributionofeach
protozoantaxawasrespectivelyindependent.
Fig.4showsthattheobservedfrequencies
(datafromExperiment3)wereingoodaggreement
withexpectedbinomialfrequencieswhichwere
obtainedbyassumingtheindependent
distributionofeachtaxa.Thus,protozoawere
consideredtodistributeindependentlywithin
soilaggregates.
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ChapterlI
Predationofbacterialcellsin.
・.・il...・ggregates・旦.・ ・d・1 .exgeri・・.・..t,
Amode斗 .expe「手甲enF.w手thsteri1季zedag9「e$aちes
wasdesignedtoexplainwhybacterialcellsare
・bユrt・ .・ndμre'・r・ 千1and
.'亡・..re1・t'・n.畔h
・ore.r叩r∵ndwrヒe「r.onteρt・A.sa甲od.el.fo「Fhr.
P「ey-P「r⑳ 「.'nte「?ct'on.Klebs'ella・㌍ 學.m.on'ar
I岬'Or
.・.・d♀皇孕 皇旦♀.・p・...・.r・ρ.・ ・ρd・.P.・6平
den6't'es・6red・ヒer皿'nedlb平1
.騨pllρ ド・r・F・u・
replicatesperdilutionwereusedinallcases.
Protozoan.densitiesweredeterminedbytheMost
ProbableNumbermethod(MPN).
2「1・W・terc・ntentand車.三 …ti・n・hi・.
Soilisaverycomplexsystem;consistingofa
networkofporeswithawidesizerange.
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(Fig.5)wasusedtoestimatethe"effective
diameter"oftheporesthatwerejustdraining
・・.・gi・e.:貫μ・ri.・.鵡.み6・叩i・g6q亡i4.手bri#.・ ・.ξ.・h・
soilwatersystem,the ,effectiveporeneck
di・ 血 ・t6・ 窟 ・ ・.・pP・ ・xi血 ・t・dbyヒheeq・aヒi。 。 ・
pF=109100.15-10910r;whereristheradius
。u。.∀。t。箆 ・f..th.6と.api.1.1。士y.P。re(。m>andth6
waterpotential,pF,istheheadexpressedas
logy(cmH20)oftheenergyofwaterholding.
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sterilizedsoil
Thepartitionratio
ofpreycells:between
theouterandinner
.
・・neswasa1⑳.rロ .,0・
withallbacterial
suspensionstested
(Fig.6).Thus,.half
oftheadded
suspensionvolume
penetratedtheinner
zonewhiletheother
remainedinthe
critical
atawatercontent
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2.5}gym(pF=3.08).
2「3同Preda.t‡On ..of.!監pneumoniaehヱC.olpo.d白 旦且=
At60%。 士th。WHC(pF-1.95;。pPer..。ize。f .
water-filledpores=34Nm),thepresenceof
Colpodasp.(32x17x11}gym)markedlyreducedthe
・uterz.・nとprey.densi・y(Fig・7).・.エ ・
、¢ ・n・ ・r・・t,
th・inne愛 ・.・ne玉..且 旦 鯉 璽 旦 ⊥ 旦 旦(3.6・2..4 .』1・)
dens.ityw.asnot.・.re4uced...by..ino¢ulati.onl..w ..it二h.the
predator.Nosignificantdecreaswasobservedin
theinnerzonepreydensitybetweensoilsamples
inoculated .wit二h.th6predat・or.an.dun.ingculated
samples.:Thus.,preycellswerelocatedinboth
theinnerandouterzones,whiletheprotozoa
werepresentinthelargerporesoftheouter
zonewerepredationtookplace.
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zone
Fig.8showsthat,after8days'.一incubation,
thefina1.preda.tordens.it二ywasP.ro.portign.altq
theinitialpreydensityin-theouterzone.
Whenthepreydensitywaslessthan105
cells/g-soil,thebacteriagrewtothatlevel
towardstheendoftheexperiment.Theseresults
wereinterpretedastheouterzonespaceofsoil
aggregatesbeingdividedintocompartments
betweenwhichprotozoancellswereunableto
migrateunderthemoistureconditionsof.this
experiment.
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compartments.Whentheinitialdensityof
protozoancellswastosmall(i.e.belowSOO
・年11・/9一 ・・手1)
.c・皿pa「ed回.iゆth年nuゆ .r「?f
aggregatesorcompartments,someaggregatesor
compartmentswerefreeofpredators.This
explainedthehigherbacterialsurvivalobserved
atthesepredatordensities(Fig.9).
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Fig.10…showsthat,whenthewatercontent
(expre.ssedas%oftheWHC)wasincreased,.many.
of,thecompartmentswereconnectedbyan
overlayingwaterfilmand,thus,protozoancells
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Inthischaptertheeffectsofporespaceand
watercontentwereevaluatedinrelationwith
thefeedingoforganismsofonetrophiclevelon
thoseofanother,Themodelusedinthisstudy
containedonlyknownspeciesoforganisms
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protozoanforms;thelatterprotozoan.forms
b・.'・g・.q「e..d士as
.t'c.a'1y曲.・.・ ・d・.F「otozoa・
becauseoftheirsmallersize,wereassumedto
have.exploiteda,greaterproportionofsoil
poresthandidthenematodesathigherwater
contents;therebyobtainingalargershareof
bacteriaasfood.,Protozoanmigrationtopores
accessibletonematodescausedahigherincrease
inthelatter'spopulation.
.CONCL⊆.§.工ONS
1.Theresultsindicatethatbytheconventional
ringmethod,.onlylimitedandunreliable
informationonthefrequencyofoccurrenceof
protozoalivingintheirnaturalenvironments
wasobtained.Observationsmadeat'shortertimes
P士ρ・'dedmb蹴 ・"・bユ1
..'ρf・遡t'r血.・.fi・rl6'1・tes
werethedominantprotozoanspecies(80.60,
followedbyamoebae(67.30.一Thegroup
comprisingciliateswasfoundinapproximately
42%.o.f..thesoi1,aggregates.Thusthecumulative
numberofpositiveringsprovided.themost
reliablemeasure,intheevaluationor
・加 血6rati・n・f .・ilか ・・t。・・.・..
2.Threedifferenttypesofprotectionofprey
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cellsagainstpredationbyprotozoawere
recognizedinsoil;.(a)smallporenecksofthe
innerspacξ},whicれ .restrictedやredationint二erm.s
ofthedimensionsofthepredatorandthesphere
o:fitsactivities,(b)thefurtherdivisionof
theouterzonespaceintocompartmentsand,(c)
thedistributionofprotozoancellsamongsoil
aggregat二es.Thelattertwofactorsexpla‡ned
preysurvivalintheouterzonespace,andthey
wereaffectbythemoistureconditionofthe
soil.
3.Itwasshownthatthereisa"biologicalfood
transferprocess"inwhichprotozoaincreased
theamountoffoodavailabletonematodesby
transferringotherwiseinaccessiblebacteria.
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審 査 結 果 の 要 旨
本研究は,原 生動物は土壌中でどのように行動 しているかとういう未解明の課題への実験的手
法に よる研究である。論文は3つ の章からなっている。
ド
第1章:では,圃場条件下の土壌団粒(1～2mmの直径)に 各種の原生動物がどのように分布 し
'ているかを検討 した
。実験方法としてこれまでSinghが1946年に確立 した方法が一般に用いられ
ているが,こ の方法にはシス トになったアメーバー等が探出できないとい う欠点のあることを,
まず明らかに した。こうして,シ ス トになる以前にこれらの原生動物の存在を確認するため,き
わめて短い時間間隔の観察を行ない,全観察を通 じて原生動物の分布を解明するとい う新 しい実
験方法を提唱 した。この方法に基づいた実験の結果,ア メーバ等の比較的小さい原生動物は約70
～80%の団粒中に存在しているが,コ ルポーダ等の中又は大型の原生動物は40%前後の団粒に存
在 していることを明らかにした。
第2章 では,団粒内の孔げき中に住む細菌を原生動物がどのように捕食するかを検討 した。こ
の場合殺菌団粒にK!ebsiella菌を接種 し,大小の孔げき中に分布さぜ,コルポーダがこれらの細菌
細胞をどのように捕食す るかとい うモデル実験を採用 した。その結果,この原生動物は,2.5マイ
クロ・メー トル程度の直径をもつ孔げ きより大 きい空間に住む細菌をもっぱら捕食することが示
された。これより小さい孔げき中へは,こ の原生動物が侵入 しえないためだ と考えられる。又,
大きい孔げき中の原生動物の行動は水分量に依存 していた。
第3章 では,こ れら原生動物の活動がネマ トーダによって大きく影響をうけることを証明 した。
以上の研究結果は,土 壌中の原生動物の活動に対する新 しい知見をもたらすもので,農学博士
の学位に価するものと考えられる。
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